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¢ General Instructions Total Marks — 100

e Reading time — 5 minutes

Section I | Pages2 -5

e Working time — 3 hours
10 marks
o Attempt Questions 1 — 10
¢ Allow about 15 minutes for this section
* Answer on the response sheet provided

» Write using black or blue pen
Black pen is preferred

¢ Board-approved calculators may be §
used

¢ A table of standard integrals is

provided at the back of this paper Section II § Pages 6 - 12

90 marks

¢ Attempt Questions 11 — 16

e Start a new booklet for each question

» Answer Question 14(a) on the answer sheet
provided

* Allow about 2 hours and 45 minutes for section 11

® In Questions 11 — 16, show relevant §
mathematical reasoning and/or
calculations




Marks
Section I
10 Marks
Attempt Questions 1-10.
Allow about 15 minutes for this section.

Use the multiple-choice answer sheet for questions 1-10.

vh+1-1

1 What is the value of hm ? 1
h—=0 h
@A o
® 3
<€ 1
® 2
2 A, B, Care three consecutive terms in an arithmetic progression. 1
m{A+C
Which of the following is a simplification of E(—_?—) 9
sin
(A)  2cosB
(B) sin2B
(C) cotB
® 1

2

3 What is the number of asymptotes on the graph of the curve y = x?_x =) ? 1
(4) 1
® 2
(&
D) 4
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Marks

4 On the Argand diagram below, P represents the complex number z. 1
y A
o P
0 %

Which of the following Argand diagrams shows the point O representing z+z ?
A) 4

0 "
«Q
B) Y4
Q -
0 x
© Y4
o R
0 i x
Y A
D)
g
ad T
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Marks

2

"5 Whatis the acute angle between the asymptotes of the hyperbola. x? -y*=17 1
GV S
® %
© %
® %
6 Which of the following is an expression for j: e dx after the substitution r=tan% ? 1
p 1+sinx
1
1
A —dt
@) o 1+21
r1
2
B —dt
®) Jol+2t
rl
© dt
Jo(1+ 1')2
1 5
) - dt
Jo (1 +t )
7 Y
4 2 4
44 y=4x - x
2 -
0 A » X
The region in the first quadrant bounded by the curve y=4x>—x* and the x axis between 1

x=0 and x=2 isrotated through 27z radians about the y axis. Which of the following
is an expression for the volume V of the solid formed ?
rd

(A) V=2r| Ja-ydy
J

0

r4
(B) - Wo=dgm} .yl4e.ydy,
v 0
r-4
(© V=8x| J4-ydy

o

0
4
@) V=16z| J4-ydy
[}
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Marks

8 The equation x*+ px+¢=0, where p#0 and g =0, has roots ct, 8,7 and § . 1
What is the value of a*+3*+7*+6* 7
(A)  —4q
B p'-29
© p-2
®

9  Which of the following is the range of the function f (x) =sin~ x+tan™ x ?
(A) -—m<y<=z:
B -m<ys<=zn
(© -E<y<EZ

4
® -F=sy<%

10 _;IIf e+e’=1, wl:}ich of the following is an expression for % ? 1
@) e
B) &7
© 7
© -
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Section IT

90 Marks
Attempt Questions 11-16
Allow about 2 hours and 45 minutes for this section.

Answer the questions on your own paper, or in writing booklets if provided.
Start each question on a new page.
All necessary working should be shown in every question.

Marks

Question 11 (15 marks) Usea SEPARATE writing booklet

(a)
®
(i)

(b))
(i)

(c)

(@)
(i)

(d)

(e)

If z=1+43i and w=2—-i find in the form a+ib (forreal aand b) the values of
Z—w

zZw

Express -1+ J3iin modulus/argument form.

Hence find the value of z® —16z* in the form a+ip where a and b are real.

In the Argand diagram O4BC is a square, where O, 4, B, C are in anti-clockwise
cyclic order. The complex number z is represented by the vector O4 .
Find in terms of z the complex numbers represented by the vectors OC and OB .

If the vector OB represents the complex number 4+2i , find z in the form a+ib
where a and b are real.

The polynomial P(x) = x® + ax?® + bx? has a factor (x + 1)2.

Find the values of the real numbers a and 4.

The equation x* + bx® + cx? + dx + 1 = 0 has roots a,i,ﬁ,%.

Show that b = d

End of Question 11
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Question 12 (15 marks) Start a new booklet

a) Find the following

@

e—x
_[1 + e* ax

b) Find the exact value of the following definite integral:

sec3 26 de

S~ an

¢) By using the substitution of x = tan 6, show that

V3

1
dx =
1] X241 + x2

cosecBcotB do

-M‘alk_._ﬁ Wl

d) The area bounded by the line y = (2 — x) and the x axis, is rotated

about the y axis. By using the method of cylindrical shells, find
the volume generated.

End of Question 12

Poge 7
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Question 13 (15 marks) Start a new booklet Marks
1 .
(@ (@) Ifz=cosd +isind, show that z™ + — = 2cosn@ 1

(ity  For z = r(cos@ + isind), find r and the smallest

positive value & which satisfies 223 = 9 + 33§ 2

b @ Find the values of 4, B, and C such that:

3
4x? —3x—4 A B C
3 2 =7t +
x*+xc—-2x x x-1 x+2
(i)  Hence evaluate
4x2-3x—-4
f x3+ x2-2x dx 1
(© Solve the equation x* — 7x3 + 17x2 — x — 26 = 0, given 3
that x = (3 — 2{} is a root of the equation.
Gy (i) Derive the equation of the tangent at the point P (ct, %) on )
the rectangular hyperbola xy = ¢2.
(i)  Find the coordinates of A and B where this tangent cuts the )
x and y axis respectively.
(iii)  Prove that the area of the triangle OAB is a constant,
(Where O is the origin). 1

End of Question 13
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Question 14 (15 marks) Start a new booklet Marks

(2) The graph of y = f(x) is shown below.

—> =

(-0.4,0.4)

14 (1.5, -5)

Draw neat, separate sketches for each of the following, showing all important features.

O =1 .
1
. —_ 2
(i) ¥ =rF@) 2
tv) y=el® 2
2 2
(b) Show that the equation of the normal to the ellipse -z—z + %—2- =1
3
azx be 2 2
at the point P(x;, y,) is given by the equation: il b
1 1
(©) A particle is projected vertically upwards. The resistance to the motion is

proportional to the square of the velocity. The velocity of projection is V'

1
(i) Show that the acceleration is given by: % = —(g + kv?)
(i)  Find the maximum height reached and the time taken to reach
this height, expressing your answer in terms of ¥ and . 4

End of Question 14
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Question 15 (15 marks) Start a new booklet Marks

(a)

The base of a solid is the region bounded by the curve y = In(x), the x-axis,

and the lines x = 1 and x = e, as shown in the diagram,

Vertical cross-sections taken through this solid in a direction parallel 3
to the x-axis are squares. A typical cross-section PQRS is shown.

Find the volume of the solid.

(b) A particle of mass m kg is dropped from rest in a medium where the resistance
to motion has magnitude -5mv’ when the speed of the particle is vms™ . After

t seconds the particle has fallen x metres. The acceleration due to gravity is 10 ms™.

() Explain why %=5(400-+?) .
(ii) Find an expression for ¢ in terms of v by integration.

I+¢
(iv) Find x as a function of ¢.

(iii) Show that v=20(1— 2 ]

‘Paje_ \O



©

2 2
In the diagram, F is a focus of the hyperbola x—2~ -;:—2 =1 with eccentricity e.
- a

This branch ot the hyperbola cuts the x axis at 4 where 4F = A . P is the point
on the hyperbola vertically above F and the normal at P cuts the x axis at B
making an acute angle 8 with the x axis.

1
(i) Show that tan@=— .
e

(i) Show that PF =h{e+1)

(d)  Theequation x* + 3x? + 2x + 1 = 0 has roots a, § and 7.

Find the monic cubic equation with roots a2, 2 and 2.

End of Question 15



Question 16 (15 marks) Start a new booklet

(2)

(b)

(©

(d)
(¢)

If A( ) and B (x) are odd polynomial functions show that the product
( ) (x) B (x) is an even polynomial function.

M

In the diagram, MAN is the common tangent to two circles touching internally at 4.

B and C are two points on the larger circle such that BC is a tangent to the smaller

Marks

circle with point of contact D. AB and AC cut the smaller circle at £ and F respectively.

Copy the diagram. Show that 4D bisects ZBAC .

Derive the reduction formula:

1 n—1
fx"e"xzdx = —3 Xt lemx 4 L © fx“*ze“xz dx

1
and use this reduction formula to evaluate J X e dx
0

Use Mathematical Induction to prove that 5" > 4x + 12 for all integers » > 1.
Five letters are chosen from the word CHRISTMAS. These five letters are
then placed alongside one another to form a five letter arrangement. Find the

number of distinct arrangements that are possible, considering all choices.

End of Question 16
0 o e . iy =
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